Department of
. Unlike the naive library selection, shotgun scanning augments the original library with focused additional diversity and elucidates receptor-pepmultiple copies of the same clone ("siblings") were not found among selectants from the homolog scanning tide molecular recognition from exhaustive analysis of every side chain in a peptide.
library. Specific amino acids preferences were observed for each position. For example, Cys6 and Cys15 were not replaceable by serine. Of the three tryptophans in Results the original peptide, only Trp4 was required for binding to EF-Tu (ratio of Trp:Leu of 13:2). Trp8 had relatively Naive Library Selection low preference and could be replaced with leucine for The naive peptide libraries were constructed using a approximately half of the EF-Tu ligands (Trp:Leu of 7:6). previously reported design, which included both linear Leucine was preferred over tryptophan at position 19 (X 8 ) and disulfide-constrained peptides expected to proof N-8 (Trp:Leu of 2:13). Glycines were strongly preferred vide preorganized potential binding motifs [25] . Libraries over alanine at both position 3 (Gly:Ala of 13:2) and were pooled to provide a diversity of ‫7.4ف‬ ϫ 10 11 different peptides. Phage were enriched for binding to EFTu fixed to a solid support. After three or four rounds of selection for binding to EF-Tu, individual selectants were included in the homolog shotgun scanning library. To obtain more precise binding measurements for EFand EF-Tu were mixed and, after an appropriate amount of time, free peptide was separated by filtration for quanTu peptide interactions, the H-2 ligand was chemically resynthesized with a biotin tag at the N terminus to allow tification (Table 3) solutions exist for peptide binding by EF-Tu. This diversity could reflect a deliberately promiscuous binding activity necessary for effective chaperone activity by EFTu. Without an obvious consensus sequence for peptide ligands to EF-Tu, additional study has been required to identify key attributes responsible for molecular recognition between EF-Tu and peptides.
Dissecting an EF-Tu Peptide Ligand
Rather than adopting a mass production approach to synthesize many peptide variants to glean structure activity relationship (SAR) data, we constructed a single homolog shotgun scanning library to dissect one peptide ligand. For these experiments, the N-8 peptide was chosen, as the ϩ3 charge of N-8 at neutral pH could reduces peptide binding to EF-Tu (data not shown). Three positively charged amino acids at peptide posiThirteen essentially nonhomologous peptides were selected as EF-Tu ligands from this library (Table 1). tions 2, 9, and 17 display a marked preference for arginine instead of lysine. This preference for the guanidine A uniform distribution of hydrophobic amino acids at positions bracketing the cysteine residues was obgroup of arginine in place of the primary amine of lysine suggests that the interaction between Arg in these posiserved in the selected peptides. This could stem from a general preference of EF-Tu for hydrophobic residues tions and EF-Tu is not mere charge-charge pairing. For example, the bidentate hydrogen binding possibilities demonstrated by Richarme and coworkers [12] . This pattern could also result from selection of more strucof the guanidine group could prove important for interactions between EF-Tu and N-8. Further structural analysis tured peptides, as ␤-turn formation in peptides has been shown to benefit from hydrophobic residues adjacent is required to more precisely assign a functional role to these highly conserved arginines. to cysteine disulfides [27] . Additional screening and sequencing of selectants has identified only additional sibGly12 and Trp4 are the next most preferred amino acids (Gly:Ala of 13:2 and Trp:Leu of 13:2). Tryptophan ling sequences. The lack of sequence homology among the identified EF-Tu ligands demonstrates that many likely contributes significant binding energy to the EF- 
